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(57) ABSTRACT 

A method and system for debugging using replicated logic 
and trigger logic is described. A representation of a circuit is 
compiled. One or more signals are selected for triggering and 
trigger logic is inserted into the circuit. A portion of the circuit 
is selected for replication. The selected portion of the circuit 
is replicated and delay logic is inserted to delay the inputs into 
the replicated portion of the circuit. The representation of the 
circuit is recompiled and programmed into a hardware 
device. A debugger may then be invoked. One or more of the 
triggering signals are selected. For each selected triggering 
signal, one or more states are selected to setup a trigger 
condition. The hardware device may then be run. The repli 
cated portion of the circuit will be paused when the trigger 
condition occurs. The states of registers in the replicated 
portion of the circuit and the sequence of steps that led to the 
trigger condition may then be recorded. 
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METHOD AND SYSTEM FOR DEBUGGING 
USING REPLICATED LOGIC AND TRIGGER 

LOGIC 

PRIORITY INFORMATION 

This application is a divisional of US. patent application 
Ser. No. 11/112,092, ?led onApr. 22, 2005 now US. Pat. No. 
7,213,216, Which is a continuation-in-part (CIP) of US. 
patent application Ser. No. 10/215,869, ?led on Aug. 9, 2002 
and issued as US. Pat. No. 6,904,576. 

TECHNICAL FIELD 

Embodiments of the invention relate to the ?eld of debug 
ging integrated circuits, and more speci?cally to debugging 
integrated circuits using replicated logic and trigger logic. 

BACKGROUND 

For the design of digital circuits, designers often employ 
computer aided techniques. Standard languages, such as 
HardWare Description Languages (HDLs), have been devel 
oped to describe digital circuits to aid in the design and 
simulation of complex digital circuits. As device technology 
continues to advance, various product design tools have been 
developed to adapt HDLs for use With neWer devices and 
design styles. 

After the HDL code is Written and compiled, the design of 
an integrated circuit (IC) or a system Which includes multiple 
ICs must be veri?ed to be correct. Continually advancing 
processing technology and the corresponding explosion in 
design siZe and complexity have led to veri?cation problems 
for complex circuit designs, such as Application Speci?c 
Integrated Circuits (ASICs) that are dif?cult to solve using 
traditional simulation tools and techniques. 
As a result, some designers build prototype boards using 

multiple ICs such as ?eldprogrammable gate arrays (FPGAs) 
to verify their ASIC designs. HoWever, there are still prob 
lems With debugging the hardWare design. When an error is 
detected during debug, designers may attempt to tap signals 
of interest from the circuit and use a logic analyZer to deter 
mine the cause of the error. HoWever, this is a di?icult process 
and is often not effective, especially in the case of intermittent 
errors. Errors that have already occurred are often dif?cult to 
repeat and reconstruct. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is illustrated by Way of example, and not by 
Way of limitation, in the ?gures of the accompanying draW 
ings in Which like reference numerals refer to similar ele 
ments. 

FIG. 1 illustrates a block diagram of a computer system 
that may be used to implement embodiments of the invention. 

FIG. 2 is a How chart illustrating an embodiment of a 
method of the invention. 

FIG. 3 illustrates an example of a circuit section imple 
menting an embodiment of the invention. 

FIG. 4 illustrates an example of clock control logic accord 
ing to an embodiment of the invention. 

DETAILED DESCRIPTION 

Embodiments of a system and method for debugging using 
replicated logic and trigger logic are described. In the folloW 
ing description, numerous speci?c details are set forth. HoW 
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2 
ever, it is understood that embodiments of the invention may 
be practiced Without these speci?c details. In other instances, 
Well-knoWn circuits, structures and techniques have not been 
shoWn in detail in order not to obscure the understanding of 
this description. 

Reference throughout this speci?cation to “one embodi 
ment” or “an embodiment” means that a particular feature, 
structure, or characteristic described in connection With the 
embodiment is included in at least one embodiment of the 
invention. Thus, the appearances of the phrases “in one 
embodiment” or “in an embodiment” in various places 
throughout this speci?cation are not necessarily all referring 
to the same embodiment. Furthermore, the particular fea 
tures, structures, or characteristics may be combined in any 
suitable manner in one or more embodiments. 

FIG. 1 illustrates a block diagram of a computer system 
100 that may be used to implement an embodiment of the 
invention. The computer system 100 includes a processor 102 
coupled through a bus 110 to a random access memory 
(RAM) 104, a read-only memory (ROM) 106, and a mass 
storage device 108. Mass storage device 108 represents a 
persistent data storage device, such a ?oppy disk drive, ?xed 
disk drive (e. g. magnetic, optical, magneto-optical, or the 
like), or streaming tape drive. Processor 102 may be embod 
ied in a general purpose processor, a special purpose proces 
sor, or a speci?cally programmed logic device. 

Display device 112 is coupled to processor 102 through bus 
110 and provides graphical output for computer system 100. 
Keyboard 114 and cursor control unit 116 are coupled to bus 
110 for communicating information and command selections 
to processor 102. Also coupled to processor 102 through bus 
110 is an input/output (I/O) interface 118, Which can be used 
to control and transfer data to electronic devices (printers, 
other computers, etc.) connected to computer system 100. 

It should be noted that the architecture of FIG. 1 is provided 
only for purposes of illustration, and that a computer used in 
conjunction With embodiments of the invention is not limited 
to this speci?c architecture. 
As Will be appreciated by those skilled in the art, the 

content for implementing an embodiment of a method of the 
invention, for example, computer program instructions, may 
be provided by any machine-readable media Which can store 
data that is accessible by system 100, as part of or in addition 
to memory, including but not limited to cartridges, magnetic 
cassettes, ?ash memory cards, digital video disks, random 
access memories (RAMs), read-only memories (ROMs), and 
the like. In this regard, the system 100 is equipped to com 
municate With such machine-readable media in a manner 
Well-knoWn in the art. 

It Will be further appreciated by those skilled in the art that 
the content for implementing an embodiment of the method 
of the invention may be provided to the system 100 from any 
external device capable of storing the content and communi 
cating the content to the system 100. For example, in one 
embodiment, the system 100 may be connected to a netWork, 
and the content may be stored on any device in the netWork. 

FIG. 2 is a How chart illustrating an embodiment of a 
method of the invention. At 200, a representation of a circuit 
is compiled. In one embodiment, the compilation generates a 
?rst register transfer (RTL) netlist. In one embodiment, the 
circuit is described by a text representation by Writing Hard 
Ware Description Language (HDL) source code descriptions 
of the elements of the circuit. In one embodiment, the circuit 
is described by a netlist representation. 
The representation of the circuit is then input into a com 

piler. One example of a compiler is a logic synthesis compiler, 
Which is typically a computer program that operates on a 
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general purpose computer system, although in some embodi 
ments, the computer system may be a dedicated, special pur 
pose computer system. After compilation, a RTL netlist may 
be generated. The RTL netlist usually shoWs registers and 
other logic interconnected to shoW the How of data through 
the circuit. 

In one embodiment of the invention, the RTL netlist is 
mapped to a target architecture. The target architecture is 
typically determined by a supplier of the integrated circuit 
(IC). Examples of target architectures include ?eld program 
mable gate arrays (FPGAs) and complex programmable logic 
devices from vendors such as Altera, Lucent Technologies, 
Advanced Micro Devices (AMD), and Lattice Semiconduc 
tor. The mapping operation converts the RTL level descrip 
tion of the desired circuit into the equivalent circuit imple 
mented using building blocks of the target architecture. A 
technology speci?c netlist is generated. Conventional place 
and route software tools may then be used to create a design 
of circuitry in the target architecture. 

For debugging purposes, IC designers may build prototype 
boards using multiple ICs such as FPGAs to verify their 
designs. For example, after the compilation, mapping, and 
place and route operations, the circuit may be programmed 
into FPGAs to create a prototype of the design. The FPGAs 
can then be tested to determine any problem areas in the 
design. 
When a problem area is found in the design, the designer 

may further analyZe the problem by selecting that portion of 
the circuit to replicate and by inserting trigger logic. At 201, 
one or more signals are selected for triggering. These selected 
signals may be used later as trigger signals to enable a trigger 
condition. Triggering logic is then inserted into the circuit. 
One or more controllers for the triggering logic may also be 
inserted into the circuit. At 202, a portion of the circuit is 
selected for replication. At 204, the selected portion of the 
circuit is replicated. This replication may include a replica 
tion of the logic elements, the input signals, and the output 
signals of the selected portion of the circuit. In one embodi 
ment, each register in the replicated portion of the circuit is 
connected together in a scan chain, such as a J TAG chain. This 
scan chain alloWs information from the registers, such as their 
states, to be scanned out during debug. 

In one embodiment of the invention, clock signals are also 
replicated. Clock control logic is inserted to control the clock 
signals. The clock control logic alloWs the clock to the repli 
cated logic block to be paused to stop the replicated logic 
from executing When certain conditions are present and to 
alloW for single-stepping through the replicated logic to ana 
lyZe an error. The designer may select a breakpoint to pause 
the clock to the replicated portion of the circuit When certain 
conditions are present. For example, the designer may choose 
values for the outputs or inputs that Will pause the clock. This 
alloWs the designer to analyZe the selected logic more care 
fully When certain problem conditions are present. 
At 206, delay logic is inserted to delay inputs into the 

replicated portion of the circuit. The length of the delay may 
be selected by the circuit designer. The delay logic alloWs an 
error observed in the selected portion of the circuit to be 
analyZed after the error is seen to occur since the error Will 
reappear in the replicated portion of the circuit at a later time. 

At 208, the representation of the circuit is recompiled. In 
one embodiment, the compilation generates a second RTL 
netlist. Then, the mapping and place and route operations may 
be performed using the second RTL netlist to implement the 
circuit in a target architecture, such as a FPGA. In one 
embodiment of the invention, a synthesis operation is per 
formed to generate an application speci?c integrated circuit 
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4 
(ASIC) from the second RTL netlist. A circuit With replicated 
logic is produced that alloWs a circuit designer to analyZe a 
problem area in the design. The designer may invoke a debug 
ger to assist in the debugging of the circuit. 
At 210, one or more of the triggering signals are selected. 

These signals are selected from the set of signals chosen at 
201. At 212, one or more states of each selected triggering 
signal are set to setup a triggering condition. At 214, When the 
trigger condition occurs, one or more states of one or more 

registers and the sequence of steps that led to the trigger 
condition are recorded. The replicated logic may be stepped 
clock by clock With the value of the inputs recorded at every 
clock. This input stream represents the sequence of steps 
leading to the trigger condition that is being analyZed. The 
states of the registers in the replicated logic may also be 
recorded by using the scan chain implemented at 204. In one 
embodiment, this recorded information may be converted 
into a format that is compatible With a softWare simulator. For 
instance, if the softWare simulator is a VHDL or a Verilog 
simulator, then the recorded information may be converted to 
VHDL or Verilog, respectively. The recorded information 
may then be input into the softWare simulator for further 
analysis of the circuit. 
The folloWing example is described for illustrative pur 

poses. Suppose that at 201, signals a, b, and d are selected as 
signals that may be used for triggering. The representation of 
the circuit has been compiled and programmed into a hard 
Ware device. A debugger is then invoked. At 210, the trigger 
ing signals are selected from the set of signals chosen at 201. 
The signals available for selection are signals a, b, and d. 
Suppose the user chooses signals a and d as triggering signals. 
At 212, the states of signals a and d are set to setup the trigger 
condition. For instance, the user may select the trigger con 
dition to be When signal a is l and When signal d goes from 0 
to l . The circuit may then be run on the hardWare device. The 
replicated portion of the circuit Will pause When the trigger 
condition occurs, Which in this case Would occur When signal 
a is l and signal d goes from 0 to l . The sequence of steps that 
led to the triggering condition Would then be recorded. The 
states of registers in the replicated portion of the circuit Would 
also be recorded. This information may then be formatted and 
input into a softWare simulator for further analysis. 

FIG. 3 illustrates an example of a section of a circuit 300 
implementing an embodiment of the invention. Logic block 
302 is a portion of the circuit in the original IC design. Debug 
of the original IC design revealed a problem With logic block 
302. Therefore, original logic block 302 Was selected and 
replicated to enable further analysis of the problem. The 
original logic block 302 is replicated to produce a replicated 
logic block 304. Outputs 308 from the original logic block 
302 are replicated to produce replicated outputs 310. Inputs 
306 may also be replicated. 

Delay logic 312 is inserted to delay inputs 306 into repli 
cated logic block 304. The delay logic includes typical circuit 
logic and elements, such as inverters, that cause the inputs 3 06 
to arrive at the replicated logic block 304 later in time than the 
inputs 306 Will arrive at the original logic block 302. In this 
Way, an error can be analyZed after the error is seen to occur 

in the original logic block, since the error Will appear in the 
replicated logic block at a later time. 

Trigger logic 330 is inserted into the circuit to enable the 
setup of a trigger condition that pauses the replicated portion 
of the circuit. One or more controllers may also be inserted to 
control the trigger logic. The trigger logic 330 has tWo out 
puts: breakpoint 318 and delay pause 328. Breakpoint 318 
enables the clock control logic 314 to stop advancing. Delay 
pause 328 enables the delay logic 312 to stop advancing. 
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Clock control logic 314 is inserted to control the clock 
signals 322 to the replicated logic block 304. The clock con 
trol logic 314 contains typical logic and circuit elements that 
alloW the clock 322 to the replicated logic block 304 to be 
paused to stop the replicated logic from executing When cer 
tain conditions are present. The clock control logic 314 may 
also alloW for single stepping through the replicated logic on 
a clock by clock basis to analyZe an error. The breakpoint 318 
may be set to pause the clock When certain conditions are 
present, such as When the trigger condition occurs. 

FIG. 4 illustrates an example of the clock control logic 314 
according to an embodiment of the invention. During normal 
operation, the system clock 316 that clocks the circuit ?oWs 
through the latch 400 and acts as the clock 322 to the repli 
cated logic block 304. The breakpoint 318 sWitches the clock 
322 to a latched version of the system clock 316, Which can be 
controlled by clock control signals 320 in order to alloW the 
clock 322 to be paused and single-stepped on a cycle by cycle 
basis. 

Thus, embodiments of a method and apparatus for debug 
ging using replicated logic and trigger logic have been 
described. The above description of illustrated embodiments 
of the invention, including What is described in the abstract, is 
not intended to be exhaustive or to limit the invention to the 
precise forms disclosed. While speci?c embodiments of, and 
examples for, the invention are described herein for illustra 
tive purposes, various equivalent modi?cations are possible 
Within the scope of the invention, as those skilled in the 
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relevant art Will recogniZe. These modi?cations can be made 
to the invention in light of the above detailed description. The 
terms used in the folloWing claims should not be construed to 
limit the invention to the speci?c embodiments disclosed in 
the speci?cation and the claims. Rather, the scope of the 
invention is to be determined entirely by the folloWing claims, 
Which are to be construed in accordance With established 
doctrines of claim interpretation. 
What is claimed is: 
1. An integrated circuit comprising: 
a plurality of logic elements; 
a replication of one or more of the logic elements; 
delay logic coupled to the replicated portion of the circuit 

to delay inputs into the replicated portion of the circuit; 
trigger logic coupled to the replicated portion of the circuit 

to enable setup of a trigger condition; and 
clock control logic coupled to the replicated portion of the 

circuit to enable the execution of the replicated portion 
of the circuit to be paused When the trigger condition 
occurs. 

2. The integrated circuit of claim 1, Wherein the clock 
control logic includes a breakpoint to pause the replicated 
portion of the circuit. 

3. The integrated circuit of claim 1, Wherein the clock 
control logic further includes logic to enable the replicated 
portion of the circuit to be executed on a clock by clock basis. 

* * * * * 


